Present study aimed to compare parametric with non parametric measures for the adaptability bevaiour of fifteen dual purpose barley genotypes evaluated at ten locations under coordinated system of Barley network. Regression coefficients less than one attained by five genotypes while more than one by the six genotypes. Lower environmental variance exhibited by G14 followed by G03 and G15 whereas higher by G11 G10 and G5. Higher values of W 2 i by G11, G10, and G5 pointed out higher contribution to G x E interaction. Adaptable genotype would be G5, G7 and G8 as claimed by lower P i values. GAI identified G20 genotype, followed by G7, G5, and
2
i by G11, G10, and G5 pointed out higher contribution to G x E interaction. Adaptable genotype would be G5, G7 and G8 as claimed by lower P i values. GAI identified G20 genotype, followed by G7, G5, and G6, better in terms of yield and adaptability. S i (1) and S i (2) measures pointed G14 & G8 while S i (3) and S i (6) selected G14 followed by G4 and G10. NP i (1) , NP i (2) and NP i (3) considered G1 and G14 as stable genotypes whereas as per NP i (4) G5 & G6 were of unstable types. Grain yield expressed significant negative relation with S i 
Introduction
Plants differ in their ability to capture environmental inputs and convert into the final product (Annicchiarico, 2002) . Primary objective of plant breeding is to recommend genotypes for such environments in turn improved phenotypes are obtained (Kılıç , 2012) . Few genotypes do well across a wide range of conditions (widely adapted genotypes) and some genotypes perform relatively better than others under restricted conditions (specifically adapted genotypes). Specific adaptation of genotypes is closely related to the phenomenon of genotype-by-environment interaction. The promising genotypes evaluated through multi-environment trials (MET) in order to identify better adaptable genotypes (Dehghani et al 2016) . Quite large methods have been proposed for estimating GxE and adaptability/ stability parameters in multi-environment trials. These methods use different concepts of parametric models, such as univariate (Finlay and Wilkinson 1963 ; Wricke 1962 ), multivariate (Zobel et al. 1988 ) and non-parametric (Huehn and Leon, 1995, Thennarasu 1995) . Kang 1988; and Kang & Pham 1991 combined yield and stability into a single selection criterion. These approaches proved to be complemented and supplement each other to investigate and interpret GxE interaction (Elahe and Asghar 2015; Sisay and Sharma, 2016) . The existing methods classified based on the ability to explain GxE interaction sum of squares. Due to the diversity of measures for studying the G x E interaction, this study is aimed to compare different parametric as well non parametric methods to study the adaptability of dual purpose barley genotypes for grain yield.
Materials and Methods
Fifteen dual purpose barley genotypes were evaluated in field trials at ten major growing locations i.e. Hisar, Durgapura, Ludhiana, Varanasi, Kanpur, Faizabad, Rewa, Kota, Udaipur and Jabalpur in India during the cropping seasons of 2016-2017. Randomized complete block design followed with four replications and recommended agronomical practices were followed to harvest the good crop. The grain yield of genotypes was further analyzed to describe GxE interactions by parametric and non parametric measures. The parentage of genotypes as well as locations was reflected in Table Table1 . for ready reference. More over the details of parametric and non parametric measures were reflected below: 
Results and Discussion
Highly significant effects of genotypes, environments and interaction were observed among grain yield of the dual purpose barley genotypes by analysis of variance. As per average yield, eight genotypes showed yield more than average yield across 10 environments as G7, G5, G6 and G8 had the higher yield realization while G11 & G10 were the lowest yielders (Tables 2 & 3) . Five genotypes showed values of regression coefficients (b i ) less than one i.e. G7, G1, G10, G4 and G15 expressed well adaptation to the favorable environments; whereas the six genotypes G9, G13 ,G12 ,G6 ,G2 ,G11 with b i more than one were better adapted to the environments. Environmental variance (S 2 xi ) pointed out towards G14 followed by G03 and G15 with lower variation across the environments at the same time isolated G11 followed by G10 and G5 for higher variation (Tables 2 & 3) . Lower values of W 2 i observed for genotypes G14, G03, and G08 and therefore these genotypes were considered more stable. More over higher values observed for genotypes G11, G10, G5 as these genotypes with higher contribution to G x E interaction were recognized as unstable ones. CV i indicated genotypes G14, G03 and G15 were of stable performance, although they had low performance, and genotypes G7, G5 and G6 with higher yield performance were considered as unstable. Higher values of SRT pointed out the unstable performance of G9, G10 and G12 with lower yield (Table 3) . Adaptable genotype would be the one with the lower P i value, accordingly G5, G7 and G8 had the moderately yield performance and the lowest P i -values (Table 2) . Geometric adaptability index (GAI) identified G20 genotype, followed by G7, G5, and G6, better in terms of yield and adaptability, whereas genotypes G10, G11, and G9 were the undesirable ones. Shukla's measure identified G16, G17, G20, G5, G7 and G8 with the lower values for stable lines (Tables 2 &  3) . Non parametric measures Significance tests of S i (1) and S i (2) were conducted based on the total of Z 1 and Z 2 values as Z 1 sum = 28.76 and Z 2 sum = 29.86 (Table 2 ). These test statistics followed  2 distribution and calculated values were less than the critical value of  2 (0.01, 15) = 30.6. This indicated the non-significant differences in rank stability among the genotypes. Among the individual Z values, it was found that none of the genotypes was significantly unstable, except genotypes G8 and G24 with Z i (1) and Z i (2) greater than the critical value of  2 (0.05, 1) = 3.84. S i
(1) and S i (2) measures considered ranks of the genotypes across environments and assign equal weight to environments (Table 5) . Genotypes with fewer changes in rank are considered to be more stable (Becker and Leon 1988) . Based on these measures, genotype G14 & G8 had the smallest changes in rank and thus, is regarded as the abatable genotypes. According to the two other nonparametric statistics S i (3) and S i (6) selected stable genotype G14 followed by G4, and G10, while of lower stability would be G6, G5 and G9. Non-parametric measures proposed by Thennarasu (1995) considered the ranks of adjusted yield means were given in Table 2 . NP i (1) , NP i (2) and NP i (3) considered G1 and G14 were of stable performance as compared to others. Unstable genotype pointed out by NP i (4) was G5 followed by G6. All measures identified G9 as unstable genotype with of lower yield. Association analysis Grain yield was significantly and negatively correlated with measures of S i (6) and NP i (2) , NP i
, NP i (4) while positive with Kang rank sum (Table  4) . Similar trends were seen for GAI as expressed positive correlation with P i , Kang rank sum and negative with NP i . Kang rank sum measure depicted significant positive association with most of the measures. Biplot analysis based on PCA1 and PCA2 Principle component analysis (PCA) was performed to study the relationships between the rankings of genotypes proposed from parametric and non-parametric measures (Khalili and Aboughadareh, 2016 were scattered separately. Hierarchical clustering of genotypes The multivariate analysis provides additional information on the actual response of genotypes to environments. Dendrogram generated by the analysis separated the genotypes into three clusters (Figure 2 ). The first cluster (I) comprised the lower yielding and relatively unstable lines G10, G11, and G9. The second cluster (II) included the highest and stable lines G6, G7, G8, and G5. Finally, G3, G15 and G4 with moderate yields and good level of adaptability were placed into the third cluster (III).
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